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Observations from a 20 ft boat andlight aircraft were
made within 500 m of the Oregoncoast shoreline to
measuredistribution, abundance andbehavior of Marbled
Murrelets (Brachyramphus marmoratus).The results from
27 vessel transect daysand 4 aerial transectdays are
reportedhere. Standardtransectprotocolswere
developed which could be converted tobird densities per
unit of shoreline and which canbe repeated in future
efforts.Murrelets were moredifficult to detect from
aircraft than from a boat in lessthan ideal conditions,
but the relativedistributionwassimilar using the two
techniques.Most researcheffort was devoted tothe
central Oregon coast; the north coast wassurveyed twice
by boat, and the south coast once.
Murreletswererelatively scarce north of theSiletz
River (avg. 7.65 birds per 10 Km by 100mstrip), abundant
between Depoe Bay and Coos Bay (avg.53.86 birds/10 km
strip), and variable from Coos bay tothe California
border (avg. 16.56 birds/10 kmstrip).
The first fledgling of the year was seen on16 June.
Following that date, between 0 and16.5% of thebirds
counted each day werefledglings (average 2.7%, n =20).
Possiblereasonsfor thelow proportion ofcounted
fledglingsarediscussed.
We detected a suddenchange in distributionin late July
whichmayhave been due to changein availability of
prey.Data on detectiondistances, behaviors, groupsize
and relation to shore type arealso presented.
Recommendedfutureresearchincludesmoretransects
alongshore,particularly south ofFlorence,repeated
surveysof coastal sections throughthe season and more
transects atspecified distances offshore.ACKNOWLEDGEMENTS
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vINTRODUCTION
Marbled Murrelets (Brachyramphus marmoratus) are smalldiving
seabirds who have the unique adaptation of flying inland to nest
in large forest trees along the west coast of North America (see
review in Marshall, 1988).The dual nature of theirlife
history,asforest bird and as seabird, presents problems to
studying their biologyaswellasto conservation efforts.Loss
of nesting forest habitat, extreme vulnerability tooil pollution
(King and Sanger, 1979), and speculation that thepopulation is
in serious decline has led to their listing as a federally
threatened species in October, 1992. There is currently a great
need to understand more about Marbled Murreletnesting and at-sea
biology and behavior,sothat appropriate conservation management
plans can be developed.Dataonpopulation size and distribution
is particularly lacking,asisaneffectivemeansof monitoring
population levels.Censuses of birds at seais the most
effectivemeansof quantifying population anddistribution at
present.Marinesurveys canprovide much information on feeding
ecology, habitat use, and behavior.This report summarizes our
findings from marine transect surveys of Marbled Murrelets along
theopen Oregoncoast from June to August, 1992.Using aerial
and vessel observations, we addressed thefollowing primary
objectives:
1) To develop a standard protocol formarine transects and
test the feasibility of conducting surveys onthe open
coast.
2) To describe the distribution of murreletsalong the
length of the Oregon coast.
3) To assess localdistribution along the central Oregon
coast in relation to season, distance offshore,shore
type, oceanographic features, and the presenceof other
seabird species.
4) To produce a minimum populationfigure for the state and
clarify the requirements for obtaining apopulation
estimate.
The greatest effort was devoted to vessel surveys.Aerial
surveysof the coast were made forcomparison with vessel survey
results and to test thepracticality of using aerial transect
methods in the future.Though distribution and abundanceof
murrelets was the focus of research, wealso present results of
behavioral observations, group size, feedingactivity, and
presence offledglings.
1Transect surveys of are a commonmethod of studying
seabirds in their marine environment.Marbled Murrelets are
under represented in most coastalmarine birdsurveysbecause
theyareconcentrated in the extreme nearshore waters,andare
rarely recorded more than a few Km fromshore (Rodaway et al.,
1992; Ralph, et al, 1990; Carter,1984; Sealy and Carter, 1984).
Consequently, most at-sea information onMarbled Murrelets is
from studiesspecifically designed to study birds in this
habitat.Rodaway et al. (1991), Speich et al.(1992), Carter
(1984), Sealy and Carter (1984), Wahland Speich (1984) and
others have carried out numerous surveysof inland waterways
frequented by murrelets between Puget Sound,Washington, and
Prince William sound, Alaska. The number of open coast surveysis
farmorelimited.Carter et al.(in press) surveyed the length
of the California coast from an inflatable boatwhile censusing
other seabird nesting colonies.Ralph et al.(1990) conducted
repeatedsurveysto examine murrelet distribution onsections of
the northern California coast.Ralph and other researchers have
since surveyed the rest of the murrelets' known rangein
California and have conducted aerial surveys for thebirds in
California and southern Oregon (Ralph, Pers comm). Varoujean
and Williams (1989) counted murrelets from an inflatableboat
withinafew Km of the Coos Bay harbor.They derived the first
Oregon population estimates (approximately 5,100individuals)
basedonthesesurveys.Scott carried out surveys from Newport
to Yaquina Head and offshore in four summers from 1969 to1973
(Scott, 1973 In Nelson et al., 1992).Varoujean and Pitman
(1980) and Lowe (In Nelson et al., 1992) recorded Marbled
Murrelet sightings incidental to surveys of otherseabirdson
Oregon islands.
In addition to the Marine transacts, numerous shorebased
observations of Marbled Murrelets have been madeovertheyears.
Thoseonthe Oregon coastupto 1988 have beensummarized by
Nelson et al. (1992).Up to this point, only a smallfraction of
the Oregon coast has been surveyed for murrelets by vessel or
from the air, and informationonpopulation size and distribution
has been derived from inland and shore-based observations and the
work of Varoujean and Williams (1987), all summarized in Nelson
et al.(1992).It isourhope that this report will add tothe
knowledgenecessary todeveloping sound management decisions and
facilitate future marine researchonthis bird.
2METHODS
I.VESSEL SURVEYS
Equipment
Our vessel was a 20 foot Boston Whalerpowered by twin 70 hp
outboard motors, operated from a console in themiddle of the
boat.The boat was equipped with a marineradio, compass, and a
Sidefinder brand digital sonar depth finder( ' fishfinder').The
fishfinder displayed surface water temperature, hull speed,and
elapsed distance as well as bottom depth,fish, and smaller
sound-reflecting organisms.Other equipment includedbinoculars
and digital watches for each person, mapscovering planned
transect lines, a tape recorder with remotemicrophone, and a
orange andwhite floaton ameasured 50 m line.
Survey types andconditions
Two types of transectlineswereused in relation to the
shoreline; the first was designed to survey longsections of
coast line for murrelet abundance anddistribution (termed
'extensive transects' by Ralph et al, 1990), and the second was
designed to quantify distribution inrelation to distance from
shore, up to 2.5 Km (called'intensive transects' by Ralph et
al., 1990).The terms 'extensive' and'intensive' used here are
not meant to imply that these methods wereidentical to those
used by Ralph et al.(1990), but they were analogousand with the
sameobjectives.
1) Extensive transects:atransect line was run parallelto the
shore and from 200 to 500 m from shore.A distance of 250 to350
mfrom shore was consideredideal, but surf conditions attimes
necessitated lines up to 500m fromshore for safeboating.
Thesetransects usually extended between twoports.On the
Oregoncoast,distance between ports is between 25 and 140 km.
A support person on shoredrove the trailoringvehicle to the
destination port and made supplementaryobservations from shore.
This type of transect was used for the lengthof the Oregon coast
and for repeated transects of about140 km of the central Oregon
coast.
2)Intensive transects:lines of 5 km length, parallel tothe
coast, eachone 500 mto 800m farther out to seathan the
previous. Course wasmaintained with carefulattention to the
compassheading.Transects continuedprogressively farther out
untilnoMarbled Murrelets were seen onthe water for a full 5km
line.All transects ofthis typewerecarried out in central
Oregon, between GlenedenBeach and Heceta Head.
A number of factors affectobservation conditions and thusthe
3detectibility of murreletswhileontransect.We developed5
standard observationcondition categories (Table1) and
maintainedarunning account ofobservation conditionswhileon
transect.The categories wereprimarily defined by localwind
waves(sea state, seeTable 1) which had byfar the greatest
effect on conditions, butthen the category couldbe modified
upwards or downwardsby one leveldependingoneffect of other
factors which includedswell height, reflections orglare, chop
caused by wave reflection orresidualseas,and fog.
Table 1.Wind
Wind speed
(knots)
0-2
2-4
4-6
7-10
11-16
speed, sea state, andobservation conditions.
Beaufort Observation
seastate&conditions Comments
0
1
2
3
4
Excellent
Very Good
Good
Fair
Poor
transects notinitiated
abandon transects
underway
Source:Frampton & Uttridge, 1988.Meteorology For Seafarers.
Surveys were not initiated whenbeaufortseastate was 3 or
greater.Transects were terminated wheneverbeaufort sea state
wasgreater than 3 or whenconditionswereconsidered poor.
Vessel speed was maintained at 10 to 11knots at all times.
Observation protocolwasthesamefor all transects, asdescribed
below.
Observation protocol and personnel duties
Observer duties
Two observers were employed, onestandingoneach side andin
front of the control console.Each observer scanned a90°arc
between the bow and the beamcontinuously, only usingbinoculars
to confirm identification or toobserve plumage orbehavior of
murrelets.All species of birdswithin 50mof the boat and on
the water were recorded, and plungedivers (terns, pelicans) were
also recorded when flying.All Marbled Murreletssighted atany
distancewererecorded with thefollowing information:
A)Time of sighting to the minute.
B)Group size; a groupbeing defined as birdswithin 2mof
each other.
C)Side of vessel, categorized as port,port bow, bow,
starboard bow, and starboard.The starboardboworport
bow categories were used whenbirdsweresighted in front
of the boat and would passwithin approximately 25 m or
less of the boat if theyremained at the surface.
D)Behavior inoneof 5 categories: flyin apparent response
to the vessel,flying by in transit,dive in possible
responseto the vessel,diving not in response tothe
4vessel, and stay onthe surfaceduring vessel passage.
When birds were seenin the bow quarter,their distance was
not reporteduntil they responded tothe vessel or were
passed by the vessel.
The distinction of divinginresponseto the boat ornot was
somewhat subjective.It depended onthe birds' distancefrom the
boat and if they resurfacedcloser to the boat(suggesting it was
not avoiding the vessel).
Additional notes on plumage (winter,molting to winter,
fledgling), fish carrying,vocalizing, or unusualflightor
diving behavior, andanyassociation with otherspeciesorwater
characteristics (ie; current zones,scattering layers) were also
recorded.
All information was spokeninto the tape recorderviaanexternal
microphone, held byoneof the observers.The other observer
recited information from their side ofthe boat to the one
holding the microphone.
Driver duties.
The vessel driver maintained a speed of 10 -11 knots and a
distance of 250 to 350mfrom shore while onextensive transects
(type 1), orapproximately 100mfrom the outer surfline if
wavesrequired maintainingadistance farther offshore.In
addition to maintaining course, speed, andwatching for
navigational hazards, the driver recited thefollowing
information into the recorder:time, kilometers elapsedsince
the start of the transect, landmarks passed onshore, water depth
and surface temperature, swell height,wind direction and speed,
beaufort state, and observing conditions.Time and kilometers
elapsedwererecordedevery2 to 5 km or whenlandmarks were
passedorother variables changed.The driver was also
responsible for monitoring the tape recorderoperation, and for
communicating with the shore-based observer viaradio.
The driver also participated in searching formurrelets and
pointed them out to observers, and observersrecorded land marks,
changing conditions, and pointed out navigationalhazards to the
driver.Sometimes the boatwasstopped in the middle of a
transect to rest, make additionalobservations,orfor equipment
reasons. The time and distance elapsed wasrecorded at the
beginning and end of all off-transectactivities, and transects
wereresumed at the same approximatelocation where they left
off.A rest break fromdutieswastaken at least every4 hours.
Observers and driver alternatedpositions periodically toreduce
observer fatigue.II. AERIAL SURVEYS
Equipment.
A single engine wing-over Cessna 187 or 206 aircraft was used for
aerialsurveys.On board we used two tape recorderswith remote
microphones,aninclinometer, digital watches, andmapsof the
coast.
Survey dates and conditions.
Two statewide surveys were attempted; one on 23 and 24 June, and
one on 4 and 5 August.Wind, causingabumpy ride and rough
seas,hampered the workon June 23,and fog prevented surveys
south of Port Orfordon June24.The surveys on 4 and 5 August
were madein ideal conditions;ahigh overcast and calm seas.
Observation protocol and personnel duties.
Two observers, a navigator, and the pilot were on board for all
surveys.The pilot attempted to maintain an altitude of 60 m and
aspeed of 90 knots, except when a tailwind required speeds of up
to 105 knots on 23 June.Distance from shorewasheld at about
300 m(the same as for extensive vessel transects) except when
passing seabird nesting islands, whereawide berth was given
(>800m) to avoid disturbance.The navigator, sitting in the
right front seat, requested speed, altitude, and shore distance
adjustments of the pilot whennecessary,and recorded time to the
second when passing landmarksonshore. Observers were
positioned in therear twoseatsoneither side of the aircraft,
witha clearview of the water under the wing and above the
landinggear. Each observer continuously scanned a 50 m wide
corridor ofocean surfacewhichwascalculated as an angle
between 32° and 57° off horizontal.While maintaining their scan
of the water surface, observers recited the number andspecies of
birdsseenand the time to the nearest 10 seconds, and reported
onobserving conditions.We found that at thealtitude we flew,
we were able toidentify most birds to species.The 60 m level
wasrecommendedasoptimal forsurveysof small marinebirds
(Briggs et al. 1985; Varoujean,pers.comm.).Since our aircraft
hada pressurealtimeter,ourrecorded altitude was only
approximated.
6RESULTS
SURVEY EFFORT
We attempted to run transects onvirtuallyeveryday between 31
May and 1 July, andbetween 12 July and 12 August.Weather
conditions permittedus to runtransects on 37 days,of which the
results of 27 days are reported here (Table2).Poorobserving
conditions,errorin data recording, and fragmented transect
lines rendered data from 10 survey days unuseablein distribution
and abundance analyses. Aerial surveys were run on4 days.
Table 2.Synopsis of fieldsurveyeffort, summer, 1992.
DATETYPE OF SURVEY LOCATIONS COMMENT
MAY
31 trialsurvey
JUNE
4
7
8
10
11
13
15
16
19
23
24
25
26
27
NewportOtter Crestdata not used
trialsurvey Newport area
extensive Newport-Florence
extensive Depoe BayNewport
extensive Newport-Florence
extensive NewportFlorence
extensive NewportDepoe Bay
extensive intensive NewportFlorence
extensive Florence-Coos Bay first fledgling
extensive Port OrfordGold Beachnot used
aerial Newport-Washingtonwindy,poordata
aerial Newport-Port Orfordfog, incomplete
extensive Nehalem-Columbia river
windy, not used
peakno. perkm
extensive Nehalem-
extensive Newport
28 extensive intensive Newport
30 intensive Newport-
JULY
12 extensive intensive NewportDepoe Bay
Depoe Bay
-Florence
Depoe Bay
Seal Rocks
13 extensive
14 extensive
16 intensive
18 intensive
19 extensive
20 extensive
23 extensive
30 extensive
31 extensive
AUGUST
1 intensive
2 extensive
errors,not used
Newport-Florence
Columbia river-Tillamook
Newport area windy
NewportDepoe Bay not used
Coos Bay-Port Orford
Brookings-Port Orford
NewportFlorence
Newport-Cascade Headfog, not used
NewportWaldport record. error
Newport-Depoe Bay
NewportFlorence
7Table 2, continued
3
4
5
6
7
10
11
12
extensive
aerial
aerial
extensive
intensive
intensive
extensive
extensive
NewportSiletz rivernot used
Newport-
Newport-
Florence
Newport
California
Washington
Waldport
Seal Rocks
Newport-Depoe Bay
Tillamook-Depoe Bay
Newport-Seal Rocks
good obs. cond.
exc.obs. cond.
rain, not used
wind, not used
DISTRIBUTION ON THE OREGON COAST
I. Vessel surveys
Transect counts were summedinto 10 Km segments ofcoastline to
provideabroad scale perspective on MarbledMurrelet
distribution in Oregon.To make these resultsrobust with regard
to variable observingconditions, only those birdssighted less
than 50mfromourvesselwereincluded in these 10 Km totals.
Due to an apparent shift indistribution in late July (see
'seasonal changes'), only surveys before 24 July wereincluded in
the 10 Km totals.
The Oregon coastwasdivided into north, central, and southern
regions, each of which had markedly different murreletdensities.
Marbled Murreletswererelativelyscarcenorth of the Siletz
river mouth, with the only concentrationsoccurringnearCape
Falcon and Cape Lookout State Parks (Fig. 1). The species was
abundant in Central Oregon between Gleneden Beach(about 7 km
north of Depoe Bay) and Coos Bay, with averagedensities ranging
from 30 to 164 birdsper10 Km of coast (Fig 2).The highest
density recordedon a10 Km scalewas201 murrelets counted
between Cape Perpetua and Heceta Head on 7 June.Murrelet
densitieswerevariable off the southern Oregon coast,with high
numbers counted north of Bandon, near Port Orford,and just north
of the California Border (Fig. 3).
II. Aerial surveys
Far fewer birds were seen byair than from the boat(Figures 4
6), but the distribution of birds in June wassimilar between
aerial and boatsurvyes.On the Augustaerialsurvey, wehad few
vesselsurveysfor comparison.However it appearedthat there
were veryfew birds south of Port Orford(Fig. 6), and as many
birds at the north end of the state asin central Oregon(Figures
5, 6).
SEASONAL CHANGES IN DISTRIBUTION
Both aerial and vessel surveydata indicated that there was a
northward shift in abundance of murrelets nearthe end of the
study period.Eightsummarycounts for the94 Km shoreline
between Newport and Florenceshoweda500% decrease betweenthefirst six weeks of the study and the last two weeks (Table 3).
The survey of 2 August was conducted in excellent conditions, so
weatherwasnotafactor in the low nmbers observed.Weather
prevented additional complete surveys of the section after August
2, but partial surveys showed that numbers remained low.
Conversely, vessel and aerial counts of areas in northern Oregon
showedadramatic increase in abundance there (Table 3).
Table 3.
DATE
Murrelet totals between Newport and Florence, central
Oregon (94 km), and betweenTillamook and the Siletz
river mouth, northern Oregon (109 km).
NEWPORT-FLORENCE TILLAMOOK-SILETZ RIVER
June 7 868
June 10 643
June 11 567
June 15 629
June 26 63
June 27 784
July 13 842
July 23 447
August 2 145
August 11 123
The observed change in distribution occurredwhen many murrelets
may havecompleted nesting activities and could beaccounted for
by post breeding dispersal.At the same time, there was aswitch
inpreyspecies formanyseabirds (Table 4).On the few
occasions whenwecould determine preyspecies,wenoted that
smelt (Osmeridae) were taken until late July,and thereafter,
sandlance (Ammodytes) were the only prey seen.
Table 4.Identifiedpreyspecies carried by seabirds from 1 June
DATE
to 12 August, 1992.
LOCATION SEABIRD SPECIES PREY TYPE
7JuneNorthofHeceta Head CommonLoon Surf Smelt
15JuneSouthofSeal Rocks MarbledMurrelet Smelt sp.
15JuneNorthofYachats MarbledMurrelet Smelt sp.
25JuneNorthofSeaside CommonMurre Smelt sp.
25JuneNorthofSeaside Common Murre Smelt sp.
26JuneNorthofCape Lookout CommonMurre Smelt sp.
26JuneNorthofCape Lookout CommonMurre Smelt sp.
27JuneNorthofHeceta Head CommonMurre Sandlance
14JulySeaside CommonMurre Smelt sp.
1AugustNorth of Newport CommonMurre Sandlance
1AugustBoiler Bay MarbledMurrelet Sandlance
9Table 4, continued
2 August South of Newport
2 August South of Newport
10 August Otter Rock
11 August South ofTillamook
11 August South ofTillamook
11 August South of Cape Lookout
11 August North CascadeHead
Marbled Murrelet
Heermanns' Gull
Common Murre
Common Murre
Common Murre
Marbled Murrelet
Marbled Murrelet
Sandlance
Sandlance
Sandlance
Sandlance
Sandlance
Sandlance
Sandlance
CENTRAL COAST SURVEYS
This section deals with data collected on 8'extensive' transect
surveysbetween Newport and Florence and 7 days onwhich
'intensive' transects were run to measuredistribution offshore
(see table 2 for dates).
Relation to shore type
Of the 4 shore typescategorized between Newport andFlorence
(beach, rocky,mixed rock and beach, and within 3 km of amajor
river mouth), highest densities occurredoff mixed rock andbeach
shoreline (ANOVA df= 3, p<0.000, Table 5)
Table 5. Number of Marbled Murrelets perkm of 4 shore type
categories for the coastline in central Oregon.
Km of shore
Birdsperkm
Beach
SHORE TYPE
Mixed Rocky River mouth
52 19
9.31 11.75
10 13
6.80 6.78
Distance from vessel
There was a fairly uniform decreasein number of birdsreported
at increasingdistance from the vessel(Fig. 7).There was a
bias against the closer distancessince birds responded to the
vessel before they came soclose.This had the affect of
increasing the number ofdetections reported at the 20to 40 m
distances, where murrelets tendedto respond to the boat(we did
not report birds seenoff the bow untilthey responded orpassed
by the boat).The decrease indetections beyond 50 mlikely
represents a truedecrease in detection ofbirds.Apotentially
confounding effect is that actualdensities of murrelets can vary
overdistances of 100m.
10There was asignificant correlation betweenobservation
conditions and number ofbirds sighted (r =.112, p<0.00).
However, wedid not detect adifference in the averagedistance
at whichbirdswere seenbetween excellent andgood conditions;
it only decreased atfairor poorconditions (ANOVA,p <0.000).
This suggests that ourobservations had someconsistency with
respect to weatherat beaufort statesless than 3.
Small scaledistribution along shore
Murrelet densitiesalong the shorelinesometimes variedgreatly
overdistances of 1 km.We termedhigh bird-density areas
'patches'.Patches were aconsistent feature ofdistribution
between Newport and Florence,but the locationof patchesvaried
between days, and they were notapparently related torip
currents or otheroceanographic features, or to presenceof other
species.Figure 8 illustratesshifts in distributionin 2 km
segments between Newportand Florence. Numbers were
consistently low around Heceta Head,andweremostvariable
adjacent to beaches or sandshorelines. The highestdensities
were seenadjacent to beaches ormixed beach and rockyshore.
The highest number recorded perkmwas75 birdsina1 km strip
south of Cape Perpetua on 7 June.
Small scale distributionoffshore
During intensive, type 1 transects, we ranrepeated transect
lines parallel to the shore atprogressively greaterdistance
from shore, up to 2.5 km out to sea.Murrelet abundance
decreased by roughly 50% beyond500mand dropped to 10%of the
nearshore sample beyond 1200 m out(Fig. 9A).We separateddata
for after 23 July to see ifthe observed changein distribution
around that time was caused bydispersion offshore aswellas to
the north.Figure 9B suggests this was the case,however, much
of the data for figure 9B camefromasingle day, 1 August,in
which therewas alarge 'patch' of murreletswhich extended out
to sea as well asalong shore. Although notquantified here, we
notedahigher percentage of the birds wereflying by in transit
when surveying beyond 800 moffshore.
Behavior.
Murrelets were considered a 'group'ifseenless than 2 mfrom
oneanother.They almost alwaysoccurredassingle birds orin
pairs (Fig. 10), and the largest grouprecorded was 15birds.
Murrelets were verysensitive toourpassing vessel.Of 5471
behaviors tabulated, 1081(19.8%) dove and 1300(23.8%) flewin
apparent response to passageof the boat(Fig. 11).Almost all
responsesoccurred at less than 50 m,however, and so we were
unlikely to miss birds due totheir reaction tothe boat.
As noted above, we saw noassociation of murreletswith other
11speciesorwith rip currents or convergences.In fact,although
not quantified,murrelets seemed toavoid flocks ofother
species,eventhough they sought the same prey(Table 4).The
small size of MarbledMurreletsmayrender them vulnerable to
kleptoparasitismorpredation in mixedspecies flocks.
POPULATION
A absoluteminimum Marbled Murreletpopulationonthe Oregon
coast derived from these surveysis 3,012.This is the sum of
all birds counted while onextensive, type 1 transects,averaging
the numbers for repeatedcoastal sections, and notincluding
transects after 23 July,whenashift in distribution was
apparent.It is presented as aminimum since this was thenumber
of birds actually counted,and it is clear that anunknown
percentage ofbirdsweremissed.This is apparentin Figures 9A
and B, which show a smallproportion of the birds tobe farther
out to sea than we could see,and by Figure 7,which indicates
thatwedid not always detect birds at greaterthan 50 m from the
boat.
Also not accounted for arebirds which may have beeninland
tending the nest.A greaterunderstanding of nesting behavior
and chronology is necessary toinclude this factor here.
One possibility ofdouble-counting exists in that,of the
23.8% of birds that flew in response to ourvessel, some flew in
thesamedirection andmayhave relanded and beenrecounted.We
still feel certain that more birds weremissed than could be
accounted for by this error, and sothe minimumpopulation figure
is not modified.In future transects wewill note direction of
birds which fly from the boat.
PRODUCTIVITY AND FLEDGLING BEHAVIOR
Fledgling Marbled Murrelets were easilydistinguished from adults
during the study period by their brightwhite underparts, throat,
and epaulets.Even by mid August whenadultsweremolting to
winter plumage, fledglings were readily apparentwith brighter
white contrasts. The number of fledglings was verylow all
season(Table 6) and thehighest ratio of fledglings toadults
occurred at the end of the studyperiod (11 August, Table6).
Fledglingswerefound to be concentratedin 3areasbetween
Newport and Glenedenbeach;onthe south side of Yaquina Head,
near OtterRock and Devil's Punchbowl, andaround Boiler Bay
(Government Point).Of these, the southside of Yaquina Head
most consistently hadfledglings present.All of the higher
percentages of fledglingsin Table 6 included transectsof these
areas.Fledglingswere neverabundantonthe 94 km section
between Newport and Florence.
12Table 6.Number of fledglings counted in relation to total
counts of murrelets for all vessel surveys after 15 June.
DATE REGION TOTAL a FLEDGLINGS % FLEDGLINGS
7-15 June(no fledglings seen)
16 June C 996 1 0.10
19 June S 33 0
25 June N 48 1 2.08
26 June N 75 2 2.68
27 June C 1245 1 0.00
28 June C 310 2 0.06
12 July C 370 14 3.78
13 July C 1239 1 0.00
14 July N 60 1(probable) 1.67
16 July (not included)
18 July C 170 0
19 July S 656 2 0.30
20 July S 311 6 1.93
23 July C 642 2 0.31
30 July C 90 3 3.33
1 August C 159 8 5.03
2 August C 367 1 0.27
3 August C 86 8 9.30
6 August C 143 1 0.70
7 August (not included)
10 August C 277 16 5.77
11 August N 194 32 16.49
12 August (not included)
Total numbersarefor murrelets at all distances and behaviors
(sincewe assumechicks haveanequal likelihood of being
detected).
If all observations in Table 6areincluded, the unweighted
percent of fledglings in the populationwas2.69% (s.d.=4.08,n
=20).If only transects between 12 and 23 Julyareincluded,
1.14% of the populationwerefledglings (s.d.=1.406,n =7).
Obviously, this isalowmeasureof productivity.The following
discussion providessomeinterpretation of these figures.
13DISCUSSION
Comparison with other research.
The protocol described above is verysimilar to that used by
Ralph et al. (1990, and in-progress) andwith the same kind of
observing vessel.Observer height above waterisanimportant
variable in detection of murrelets, and for this reason the
results of Carter et al.(in press), Varoujean and Williams
(1989), and Naslund (pers. comm), all of whom usedsmall
inflatable boats,aredifficult tocomparewith those given here.
Ralph only employed two persons in the boatduring transects,
whereas three persons were used for the effortpresented here.
The difference in detection rate of murreletsbetween two and
three persons has not been assessed, but weanticipate that it is
arelevant factor at high murreletdensities.The intensive
transectsdescribed by Ralph et al.(1990) were carried out at
regular 400m increments in distance from shore,and were repeated
onthe same coastal section throughout the season.In our
effort, distance between lines offshorevaried between 500 and
800m, and were completed at a number oflocationsonthe central
Oregon coast.Standardization of the increment in distance from
shore is desirable and will be plannedin future transects.
Distribution
The distribution of Marbled Murreletsobserved on thisproject
(prior to 24 July) follows quite closelywith what has been
assimilated from other surveys and from land basedobservations
(Nelson et al., 1992).It also corresponds to thedistribution
of remaining old growth coastal forestin Oregon with the
exception of theareabetween Florence and Coos Bay,which held
high densities of murrelets although large foreststands are not
nearby.It is recommended that further researchefforts place
emphasisonthisarea.
We noted thatthe highest density of birdsalongshore usually
occurred in a narrow band (<300mwide).This high-density band
(whichwasnot consistent along theshoreline, but occurred in
patches) was closer to the shore (<= 500m)than averagehigh-
densityareasreported by Ralph et al. (1990).This suggests
that extrapolation ofdensity distributions fordifferent
sections of coast is not necessarily valid.
Abundance
The densities of Marbled Murreletsreported here were far
higher than has previously been reported for Oregon(Varoujean
and Williams, 1987)and suggests that the Oregonpopulationmay
be greater than previously suspected.We felt our data on
distribution offshore (Figs 9A, B) were toolimited to
extrapolate to a populationestimate and that more of the type I
14'intensive' transects from allregions of the coast were
necessaryto produce a validestimate.
Seasonal changes
Two related hypothesesinterpretingthe decrease in murrelet
numbers in central Oregon andtheir increase in the northand
offshore late in the season canbe put forth. Undoubtedly,
post-breeding dispersal does occur (Rodaway etal., 1992; Speich
et al., 1992; Nelson, pers. comm),and birds arenot be free to
seek feeding opportunities far beyondtheir nesting areaduring
the nestling period.In central Oregon,howev'er, the shiftin
preyspecies from smelt to sandlance was abruptand nearly
complete (table 4), and it occurredjust when murrelets suddenly
became less abundant in central Oregon.Smelt are known to spawn
at beaches near Yachats, and thespawningseasonalso ends at
about this time (Jerry Butler, OR Dept. Fish &Wildl., pers
comm.).This coincidence suggests that a change(reduction) in
availability of smelt to murrelets may beconsideredaproximal
causefor the observed decline in murreletsin nearshore central
Oregon waters.It follows that, if mostbirds did move north
(rather than just farther offshore), theyeitherwerepost-
breeding at that point,or werenot breedersin 1992.Data from
additionalseasonsisnecessaryto determineif the sudden prey
switch from smelt to sandlance is a yearly event or anunusual
phenomenon.
Productivity
The proportion of fledgling murrelets counted at sea hasbeen
reportedasunusually low in other research efforts (lessthan
4%, Ralph,pers. comm,Kuletz, 1993)aswell as our own.
Four possibilities are discussed below tointerpret the low
percent of fledglings seen on our transect surveys(Table 7):
1) Fled lins weredistributed different)than adults and were
under represented inourtransects.If fledglings scattered out
overthe coastal shelf waters, their small numbers,small size,
and difficult detectabilitycouldcausethem to be under
represented in offshore coastal surveys as well.We observed
murrelet fledglings to concentrate at certain areassuch as the
south side of Yaquina Head.If mostareasof fledgling
concentrationwerebeyond the central coastregionwefrequented,
they could have been missed.
2) Few nesting attempts are successful in any yeardue to loss of
nesting habitatorother environmental impacts.In this
scenario, the adult populationsweobserved are remnant,and
numbers will plummet when lack of recruitmentfails to maintain
the adult population. This scenariomay appearalarmist, but at
present we know of no informationwhichcansubstantially refute
the possibility.This underscores the need foreffective
population monitoringaswellasthe need for other research on
murrelet biology.
153)Few pairs of murrelets bred successfully_in 1992 due to El
Ninoorother adverse conditions particular tothat year.
Information of other seabird breeding numbers andfledging
successindicates that the 1992 El Nino did not have anoticeable
impact in Oregon (Roy Lowe, U.S. Fish & Wildlife Serv., pers.
comm.).The evidence that many species wereconsuming thesame
schoolingprey(Table 4) suggests that preyavailabilitywashigh
and resource partitioning betweenspecieswaslow (Ainley, et al.
1990).The low observedproductivitywasprobably not due to
unusually low prey availability in 1992.
4) Marbled Murrelets have spectaculardemographics in terms of
lon evitand the observed roductivitis normal.Though
virtually nothing is known of Marbled Murreletdemographics, it
is unlikely they are dramatically different fromother alcids
(Sealy, 1972), and so possibility (4) maybe discounted.
Future research
It is clear that more researchis needed to refine ourdensity
measuresboth along shore and offshore sothat a population
estimatemaybe developed.This is particularly true ofthe
coast south of Florence.Repeated transects ofcoastal sections
throughout the season are needed todetermine seasonal effect and
to delineate what timeperiod is optimal for representative
distribution and population sampling.Closely coordinatedaerial
and vessel transects are necessary ofconversion factors between
the two methods are to be calculated.The abovesuggestions for
further research are alldirected towards the development of a
monitoringprogramwhichcanbe repeated yearlywithaminimum of
effort and whose results can be compared across years.
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18Figure 1.Marbled Murrelet densitiesfrom vessel transectsin
10 km by 100 msections of the Northern Oregoncoast.
Data arefor transects between 1 Juneand 20 July.
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Data arefor transects between 1June and20 July.
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Data arefor transects between 1 June and 20 July.
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21Figure 4.Marbled Murrelet countsfor aerial surveysof the
northern Oregon coastfrom one sideof theplane on
23 & 24 Juneand 4& 5 August,1992.
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